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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
growing a nitride semiconductor which is to become a 
substrate and contains less crystal defects and an 
element, having a new structure using a nitride 
semiconductor substrate containing less crystal defects. 

SOLUTION: Normal mesa-shaped projecting sections are 
formed under a first protective film 3 formed on a first 
nitride semiconductor 2 grown on a heterogeneous 
substrate 1, and the vertical grown surface of the first 
nitride semiconductor 2 is covered well by forming a 
second protective film 4 on the top and bottom sections 
of the projecting sections having the first protective 
film 3 by forming the second protective film 4 over the 
whole surface of the nitride semiconductor 2 which has 
projecting sections and removing the protective film 4 
from the side faces of the projecting sections. 
Thereafter, a second nitride semiconductor 5 is grown on 
the surface of the first nitride semiconductor 2 exposed 
on the side faces of the projecting sections. 
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J: 9 # 5 3B 1 <0«SJK 3 «r 1 a* mOfflWifflSrict"* (HI 
2) o iK^T, R I Eigitf-J: 9*1 ^2fl:»*MMWl 
2 fioaitpS-Cr-— •yf-v^lt? 1 3 <!9T 

««ddi»Sr«dc-rs w t 9 flSMBBM* 1 oSffc;^ 
¥*#2*«ttJ£-fr5 (113) 0 ftjb\ ^h7^^ 

[0 0 4 4] 3S 1 co§{^4^WI 2 J-, H 3 <D £ 0 Id 

2 0*Et^^y^»«(-J£ 9 JS2 0*«a 4 «gjfiL 
[114 (a) ] , ZftWi. CF* kOztfxlZXV, dh£ff 

il^f 2 o«S§4 ^7 y ^I^^tf M 
f£2Sr«ffi£-frs diS|5±SBco»10««B!3±a^i5ffl 
(b) ] 0 

[0045] mi <D&m$&3&um2<D&mWk4$:Bf$. 

SJESS»rt«C-fey ^LS^l o so^c-c, J5£f 

1 X 1 0 ,3 /cm 3 V-zfLtzG a N£ 9 £3B2 0fifl: 
(a) , (b) ] . 

[0 0 4 6] «2^2ft*^*flE»5SrfiS*«, 
^«rEJSSS«a>*bft9ttSU Si K-^GaNi^^ 

[0 0 4 7] »^nfc*2 0«flc«i^*#5co*B^» 

fl^wesfi, aifls^aaftasss-isi, ixi 

2 <Dm<t%J*mft 5 <0:&B«£mjfta#fi*ra^*£¥ L 

tW\ *10««K3&tJ ? 3B2 0«aM4i5aSficSl 
02<l:****3 0**(pl^ft^r«BftffiSrJIo-Cv^^ 



(8) 1 1 - 3 4 0 5 0 8 

[0 0 4 81 CSIJfflW 2 ] «T\ U 8 SrTcicHiSffij 2 
JtIft:tM#ltlSit§-^«ffiWL EDI 
[0 0 4 9] Hffiffl 1 T'i5)ixfc l ?s-/^t77'i'7 

ISu ^^77l, » i o2fk:*¥*#Ji 2 . Ho 

ft¥*#Ji5<£>*B4:Bffi&-£* S 2 Ot^^Sft:! 
70 5co^i--T5o ffi.U 35J£»J 1 SCJoi^T, H2oS{k^ 
¥^#5 &dtft$-a:^R(Cja»Sr2 OO^mi LrtTo 

[0 0 5 0] w:, m z (nmim^fcm s (s i k- 

7GaN) 4r£Bti"^9s— /N^MOVPEaSBflOK 
J&S*f*l5:Hry h 1 0 5 O^T^co* 2 o2{t»* 
^*/l5co±iCS i Sri x l 0 !3 /cm- K-7'LfcG a 
NJ: 9#5'<y 7rJl3 1 4rJ*ft£i±-£ 0 :^<y77 
S3 1 (iii«9 0 0°C«-h<oil5ffl.-ej«ftSii:S2^fc;ft¥- 

[0 0 5 1 ] * fei-, ^77713 10±«::«W2 0^f- 
y^hc-^ m— S^FfllStO I no. *G ao. «N 
J: 9fc5St4JB3 2, flHJ?0. 3 MtnOMgSrl x l 0 
20 /cm 3 K— 7"A 1 o . 2 G a o . s N £ 9 # 5 pl^7 7 K 
133, IBEff 0 . 5 fj. m<DM g S: 1 X 1 0 1 0 /cm 3 K— 
^GaNJ:^^ pftij=r Nil 3 4*»HlCdiftS-fr 

[0 0 5 2] Sl^flliSirftS^y 7rJl3 1 — p<M=> 

5(? Ii#i^t6 0 0t7r:-y y^U, pM^77 
K13 3, pfiija Ml 3 4 Srffiffiiit«--t-* a 

p«]3 hJl 3 4»^m-/f->-^^tT^, » 

2<oa^b*^»fls:JB5(0*BS:»ttiSii:So CO J: 9 

J: 9, ^Wrm ! ^ 9 -nSl^BJCWaS:4-*{-< < ft^fe 

[0 0 5 3] xyfy^f, p«ay^^hi3 40* 
Botsff^iBiCN i/AuJ:9 4Sa36ftOpt«3 5 
40 *2 0 O^hv^^ hn — Acofltff^JgjSL, Wp«S 
3 5 0±iC, y^O/^y KtS3 6S:0. 5 

/imOBW-e»JS1"5o pii3 5Mtof^o¥ 
BUI (^y K««3 6ftW^?>*fcBl) £H 9 
[0 0 5 4] p »jafii^«, JB 2 OlfhfeMftl 5 
O^flljft^jffiSixr^^^SB^Bic, nt!3 7 
5Mtn(OWtMt^ 0 
[0 0 5 5] -eoo^, nlS»^^7>f7'L, S2 
o2^^£#JI 5 0M® (10 1-0) ^rOMB 
!CSBl<cffi-e»§BU. 3 0 0Mm*OLEDfy^» 
50 5o :<OLEDIl2 0mAi:Jo^t, 5 2 0 nmOlB 
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[0 0 5 6] [USStfJ 3 ] SAT\ HI 1 0 tJcKISISfll 3 

- [0 0 5 7] Hlfiffl 1 X*ft<btifcV =-—'^<W7T'( T 
. «JK3* |B2 0««fflU SrBF«* U Jg2oog>(fc;#3 

<DM?.irz> 0 feu 311*^ i-is^T* &2<n&Wfo* 
»*5«rfiS:4S-li:SRi-K«fe2 OOumi LTfTo 

[0 0 5 8] JS 2 o2fls*¥»Wl 5 (S i K- 

a N) Z^ffikTZ*}^— ^&MOV P 
jc&»*rtf--fey ::<0K2<02fc***f«l5O± 

[0 0 5 9] (n«^7yK!43) Sfci^ S i Sr 1 x 
1 0 19 /cm 3 K-T'UcniA 1 0. z G a 0. 3 N J: V 45 
^lcoH, 2 0ty^hn-Ai, T>K-y (undo 
pe) OGaNJ:94'5*2^I, 2 0#>^^- A 
t ££K^3 0 OillSJf LT45*S8HJ?1 . 2,um<7>SI 
fe^HH^f 5„ nll!l^9yKi4 3tt^ty7Hi:ii 
RV^ytmC^mt LTtfMB U A 1 Sr*tfS{fc 
»4U<tiA 1 Ga NSr-g-tffitfr^Jlt-rS 
~ £ j^S* L < , iHft^JB^coJBO?*: I0 0ty^ 

h*a-.AJ^_h, 2^m«T\ S & i-*f£ L < 5 0 0 ^* 

y TW Ci^^l^Mtt 5* 
[0 0 6 0] (nttiJ*^ KJ14 4) JR^T, Si Sri 
X 1 0 ,7 /cm 3 K-T'Lt nS!G a N J: 9 45 nS*^ 
-YK»4 4Sr0. 1 mO«B^J«*Si±-5o -^nfflij 
##>f KJB 4 4 fl, ffiteJlOfttf-'f KliltftfflU 
GaN, InGaN^t^lt^K, i« 
100ty^hn-^5,am, $5>WT*L<H2 
0 0 jri/V* Y a — 1 ju m<7)flgJ¥T-J55cfi£^5 C £ 
#HSLt\, ^(TDnfl'J*^ K« 4 4 iliifif S i, G 

iCtt|Bl<oa&0 5 SS2fiO*^>*< tt)-*{:ni^ 

(0 0 6 1 ] (ffiftJi 4 5 ) ZfcK, S i £ 1 x 1 0 " / 
cm 3 K— 7V> I no. ?G a«. 3 N <£ 945#F/g. 25^ 
y^hn-Ai, S i Sr 1 x 1 0 1 7 /cm 3 K—tVd I 
no. qsG ao. ssN£94£KiSJi, SO^y^^hn- 

co^Sft^FWit (MQW) coffii4S4 5S:dtft*-& 



(9) SfrffiW- 1 1 - 3 4 0 5 0 8 

/(5 

5, 

[0 0 6 2] (p«l**y:/Ji4 6) iSfciC, K^> 

offite/14 5 <£ 9 *o*;tlV Mg^Ul O I0 /cm 3 K 
-T'LfcpSA 1 0. 3 G a 0. 9 Net 9 45 pffiS** y 
4 6 £3 0 O^v^ n — A<oJRJST-J#*$-g:5o r 

nS^»^ K-y It^rt y 7«J ixfc i 
£L ^L<tt7yK-7 1 iltbS<, ftfc#*L<i* 
70 pS^ffiftSrK-ytfciitio p«i|*-v y^il 1 7 
coKffflO. Ifxm&T, J5>{:ffSL<{l5 0 0ty 
^'^hc-AJ^T, t!)»4L<fi3 0 0t>^^n 
-A«T»it5o 0. l/zmJ:*)S^BW-C«ftS 

A 1 ^MfiRJfci^ffr^A 1 G a NlISK ffiJfiSci" 

2 4U±C0A 1 y G a j -r NTfcixfiS 0 O^TV^ h c — 
AJ^T^WaE"rscfcdsa*Lv\ p«J*-ir y:/JB4 6 

[0 0 6 3] (pfitt^Kl4 7) 2fc{i, K^^r 
y^y^- dSpWJ^-r y^JB4 6J:!?/i^v\ Mg 
Sri x 1 O ia /cm 3 K-^lfc p MG a N <fc f 0 45 pfil 
3te#-f KJB 4 7 £ 0 . 1 ^ m(^iIJ?T^fi^i±5o 

l44irl^i:<GaN^ InGa NT?ricft w ias 

M*L-^o CtO««p«J^7y KJl4.8*fi8ftS 

itZ>K<Ds<y7T9b LTfcffcEU 1 0 0^">^^ h 
50 S 5>«d»* U< H2 0 N n 

3t^f-T KJli: Lr^-T5 0 ^<75pflB5t^ Kililf 
JiM g ^co p S^F#6* Sr K-^lt p S(OSfl i 5 
zjs, #CTSE«^rK-/W<tt)S^ 0 4^b\ :Op 
S#;tf>< KJBSrfitt^JBirf S ^ t t)T#5 a ffl»^-Ji 

i -r 5*&6-(i* 1 <Dm&x*n 2 <om<o^ <th-jj 

[0 0 6 4] (p«^7y K148) Mg^rlX 
^ 1 0 2tJ /cm 3 K-/lfcpSA 1 a. zG ac. iNJ: ^45 
*l(^JB, 20ty^hc-A^ MgSrixiO 10 
/cm 3 K— ^Lfc pSG a N<t ^ 45^2 OJEs 20t 
hn— ^tSrf2S{c^ur4SJftBlffO. 8 m 
mcoate^-JiJ: 9 45 pfld^ 7 y KJ1 4 8 
CO«Finfffl^7 y KJB4 3 tfflC< ^r-T y TffiZlhfr 

<^ffiSt*SrffiTS-fr5fc«>coJit L"Cf^ffli"5o ^cop 
K«4 8oB!fffcWcpftEU4i/^ s , lOOt 
>^^hn-AJ^±, 2 m m^T, S U< ^5 

5^} OOty^hn-^L l/imK7t?fi*^: 



(10) 
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KJifi'l^ oRttfca 5 * nfiUI^ 7 y KJift"] «£ 9 fc p (MJiffi'l 

[0 0 6 5] fi^-«ii<0#FJi £ £ SttJi 45^ 

§4 5l:8Lt, SteJl4 5 J; '0 h'O K^* yy^* 
a,:?— as*:t^JKffO. i u mWTcoA 1 ^r^t^lffl 

4 6i ! !)t)iSttl^ < blirifcfili^ ^iry>^«4 6J: 
9 K^^ ^^^^^^r—^^^^^P^J^t^-r KJi 

4 7 -to pfifl3fc#>r Kit 4 7 J: '9 t>f£14JiJ&»«b 

«ixfcf4«;-, p fi'bfetf'f KJi 4 7J;^o^> K^r^r y 

#5 piffle 9 y Kg 4 8 £i£it3:: t b 

<5o 



[0 0 6 6] (pffill = Nil 4 9) S^4-> M g £ 

2 X 1 0 2{J /cm 3 K-7'U/!: pIG a N«fc 9 #5 ptt'J = 

hJi 4 9 £ 1 5 0 2j->-^* N B-A(DBWCSft 
£-£5 0 pflB= hJif*5 0 0^->^^ hnz — A« 

T> £ tbi-W^ U< (14 0 QJr>7* V n — A£TF\ 2 

[0 0 6 7] gJ&#S-Tl£, SJSS*^f-is^-C\ 

£KJSSSA> <b & 9 fctiU HI 1 0 Jd^i" £ O ^ RIE 
mS^X 9*±Ji<^pS=>'^ hil4 9 i:, pl^7 
y KJi 4 8 t^x-yfy^lt, 4 mcO* h 9>T^W 
^tt^y'r^ttH, y^;iI(DiI(:Ni/A 
ui945ptS5 1 *i&f$L-tZ>* 2fcic, HI 1 0 fd^-r 
i:3{-pffli5 l*i< pfi^77 Kl4 8> nv^^ 
Nil 4 9 i O2 i '0 # SIMM* 5 0 Srfl5jS 

u ^ £7^*6^ 5 0 ^it pm^is 1 tmM.^y^m 
[0068] p «ym^;£m> * 2 5 

J:945ntS5 3*0. 5 jumOKff-eJgjSU, -tO 
Jridfc: — bisf? t<0*?74H—^s vffiCAu/S 

[0 0 6 91 n«««Jl5 3£»e>*^9>f 

* 2 5 OM® (1 1-00, i6 c7) A 

«So«Jci^ffia-t- 5B) ^3B2<o2fl:»¥3M«i5£r 

^ — ^ics iOzi:Ti O2 £ 9 *£RW##JWK«:Jlg 



/a 



20 



50 



40 



50 



^¥ 1 1 - 3 4 0 5 0 8 
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ttL, p^7 KWS5 2 ?:7Yt-#>f^ L"t\ 

SffifS 2 . 0 k A/cm 2 , BB{flI«ff4. OVt, 
z£ft4 0 5 nmOJtJB!*tS^?tffi$ix. 1 0 0 0 »$fflJ£t 

[0 0 7 0] C3IJSff']4 J d 1 1 lttK$l<r>J&&Jjfe*~ 

3 2^-tb±cO^^-«iti LtH HJfet^^LED*^ 
£m«C0«ii£W-rS o COOL EDIg^fl^^J 1 
^^7tm2co^ft:^^*^5coJii-s TlSooSte^-Jf 
lrtt^nl^7yKl5lMS^^ H££ 

^^^^i±-rtTo7t 0 njfi^4-effiv^^2coa{h:^^ 

( n fflj^ 7 ^ KJi 5 1 ) S i £r 1 x 1 0 1 3 /cm 5 K— ^ 
lfcnlAlo.zGao.3N«t945»l(Ol, 2 0ty 
At, T>-K— y (undope) cOGaNJ:^^ 
&9Z2<on. 2 0 h ^-A^^Ii: 100/1 

[0 0 7 1 ] ftJC. Sg^2 O^f-V^^ h n-AGQlil-i; 
^#FS3tcO I no.4Gao.5NJ: 9<CSS*Ji3 2, 31 
ffO. 3 jumc^Mg^r 1 X 1 O 20 K— 7* A lo.zGao.i 
N J: 9 p ftO^ 77 K13 3, Off 0 . 5 m mOM g 
Sri x 1 0 ZO K-7'GaNJ:945pi=^^ NJ13 
4iS«a«w8WISnfc«ig*:*-r4o ^Utpl»^>- 
y^-V^SrfT^ 7 y KJi 5 1 coSSS:Stli^it-C nt 

S3ttt<7) p IS 3 5 t , ^<Opti3 5(Oi(:, 
^ v^JB<D^y K*ffi3 6 Sr^jegL, il lC^tJ:; 
>SI1]— ffi«J^?>nflBS3 7 p«S3 5 t ^l^it/c^it 
ir-T5o ft«(-*7T^TXlRoJ¥$S:5 0MniSS* 

0 m m^co^^-t-r^o 

[0 0 7 2] #«btLfcLED^^fm5SW2cOLED^ 
^{C^gJL-C, ffi^7fi«Jl. 5f8r, M;fM£t>#*Jl. 5 

[0 0 7 3] 



-10- 
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[13 3] ^M§^£0^&co#xMiw^^-C#^rv^g^ 



[Hi] [112] [H3] 




53m *t£ & 



(1 1) W§B¥ I 1 - 3 4 0 5 0 8 

[19] M7 <nm*& pMfemfrhJLlZ^ftEi'CbZ* 
[Hi 0] *«M^a«ij:^S.S^ffl^fcS{k:«)*« 

[Hi 1] ^Woirife^i-SSS^ffl^fca^tfe^* 

i • * * • ^mmm. 

w 2 • • • * m i <nmit%)¥>&& 

3 * * * • % 1 ^{£HHf 

4 • - * • m 2 fiOfSS JBS 

5 • • • • B2 0${t^*«c 



— 11 — 



(12) 



EMM 5 ?! 1 -3 4 0 5 0 8 



[12 7] 



Iffl 1 1 ] 




t'Ji/f ~/3 > y v v K Iff 
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33 
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36 
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